Introduction
Intracranial pial arteriovenous fistulae (AVFs) are uncommon and represent approximately 1%-2% of intracranial vascular malformations. 1, 2 Initially these lesions were felt to represent a type of arteriovenous malformation. 2 However, they are more recently felt to represent a separate vascular anomaly manifested as a direct communication between an arterial feeder and draining vein without a nidus. The etiology of pial AVFs are unclear, but are often seen in childhood associated with neurofibromatosis type 1, Ehlers-Danlos syndrome, Klippel-Trenaunay-Weber syndrome, and Rendu-Osler-Weber disease. [3] [4] [5] [6] [7] [8] Other reports have linked these vascular lesions with trauma, ischemic syndromes, venous thrombotic diseases, and intracranial surgical procedures. 3, [9] [10] [11] In this report we describe a case of an intracranial ruptured pial AVF immediately following uneventful spinal surgery in an elderly patient with subsequent spontaneous resolution.
Case report
A 70-year-old man presented with a two-year history of back and leg pain. He had previous lumbar spine surgery without incident. His past medical history was significant for degenerative spine disease, prostate cancer, deep venous thrombosis with pulmonary embolism, and alcohol abuse. In addition, he was a previous heavy smoker with a 60-pack-year history. His examination was positive for morbid obesity. His neurologic exam was notable for an antalgic gait and mild weakness of the anterior tibialis and gastrocnemius muscles bilaterally.
Operative intervention and postoperative course
The patient underwent an uneventful re-operative lumbar laminectomy L4-L5. He was extubated in the operating room hypertensive (185/90 mmHg) and at his preoperative neurologic baseline. During the surgical procedure, his systolic blood pressure was maintained at or less than 150 mmHg during the entire case. Thirty minutes after extubation while in the recovery room, he became acutely somnolent and unarousable. Ten minutes later he suffered a generalized tonic clonic seizure. He was immediately treated with propofol (Diprivan Õ ) and reintubated. His seizure activity was controlled within three minutes. Laboratory studies did not reveal any significant abnormalities aside from a slight leukocytosis. A computed tomography (CT) scan of the head revealed a small subarachnoid hemorrhage in the right frontal lobe adjacent to the sylvian fissure ( Figure 1 ). He began having generalized seizures again and was placed on propofol (Diprivan Õ ) drip at 20 mg/hr. Neurology consult was obtained and he was given 2 mg of lorazepam (Ativan Õ ) and begun on lacosamide (Vimpat Õ ) with 150 mg loading dose and 100 mg twice daily (bid). In addition, given his history of alcohol abuse, he was started on delirium tremens prophylaxis.
His seizures subsided and an electroencephalogram was performed two hours following his initial extubation demonstrating severe generalized slowing with bilateral semi-rhythmic activity without overt seizure activity. A magnetic resonance (MR) imaging study demonstrated the small subarachnoid hemorrhage without evidence of infarct, lesion or nidus. No superficial or lobar magnetic susceptibility was identified elsewhere to suggest prior subarachnoid hemorrhage or cerebral amyloid angiopathy. Magnetic resonance venogram (MRV) showed patent sinuses and cortical veins. Cerebral angiography revealed an abnormal arteriovenous communication located superficially over the right posterior frontal lobe compatible with a small pial AVF (Figures 2 and 3 ). There was no sign of an aneurysm. There was no dominant enlarged feeding artery identified, but a small vessel originating from a distal right middle cerebral artery cortical branch directly communicated with an early filling draining vein that extended superiorly to ultimately drain into the superior sagittal sinus. All sinuses were demonstrated to be patent with antegrade flow and no stenosis. While it is impossible to know with certainty, the acute subarachnoid hemorrhage adjacent to the pial AVF may have been related to acute intracranial hypertension following extubation and the subsequent seizure activity. The location of the subarachnoid hemorrhage and the pial AVF suggest an anatomical and physiological relationship, and no other potential causative lesions were identified with a thorough imaging evaluation.
The patient's seizures were ultimately controlled with levetiracetam (Keppra Õ ) and valproic acid. Surgical treatment of the pial AVF was delayed until the patient recovered neurologically. He required a tracheostomy and percutaneous gastrostomy tube 10 days after surgery. A follow-up angiogram two weeks following surgery demonstrated resolution of the pial AVF. At neurologic follow-up three months after surgery the patient had fully recovered.
Discussion
Pial AVFs are considered a different vascular lesion from cerebral arteriovenous malformations and dural AVFs. Pial AVFs are supplied by pial or cortical arteries with direct connection to a single venous drainage. They are not, in contradistinction to dural AVFs, supplied by dural vessels. Pial AVFs also lack a true nidus. The pathogenesis of pial AVFs is not completely understood; however, reports have suggested multiple potential etiologies including congenital diseases, trauma, iatrogenic injury, and abnormal angiogenesis. [3] [4] [5] [6] [8] [9] [10] [11] [12] [13] The presenting symptoms of pial AVFs vary greatly including seizures, hemorrhage, bruits, headache and, in infants, cardiac failure and raised intracranial pressure. 2, 14 Congenital AVFs are reported to be very rare conditions. 2 Intracranial pial AVFs have been diagnosed as de novo findings following repair of unruptured aneurysms subsequently identified on postoperative routine cerebral angiography. 9 In certain cases, pial AVFs have been reported following intracranial surgery. 9, 11 Dural tenting as well as abnormal angiogenesis with associated cytokine and vascular growth factors have been suggested as possible mechanisms in the development of acquired pial AVFs. 9, 11, 13 Additionally, cerebral trauma and ischemia have been identified as possible causes of non-congenital pial AVFs. 4 Intracranial hemorrhage as the presenting symptom of pial AVFs has, as in our case, been reported. 15, 16 This report is unusual in that it occurred in an older adult following uncomplicated spinal surgery. There was no cerebrospinal fluid leak during the surgery in this case, but perhaps such an event could lead to hemorrhage of an unknown pial AVF. This observation is important in that dural tenting following neurosurgical procedures, which can happen with acute loss of cerebrospinal fluid, has been reported as a possible mechanism for the development of pial AVFs. The rarity of pial AVFs limits understanding of the natural history of these lesions. Although a report of high mortality with conservative management of these vascular lesions reported by Nelson et al. found that five of eight patients managed conservatively died because of acute hemorrhage, the number is too low to make any firm conclusions. 17 Surgical obliteration of the feeding vessel as well as endovascular treatments have shown good results. 2, 13, 15, 16 In this case, surgical treatment of the pial AVF was delayed in order for the patient to make neurologic recovery from the status epilepticus. However, the follow-up angiogram in preparation for definitive treatment of the pial AVF demonstrated that it had spontaneously resolved. Disconnection of the high-flow feeding artery by direct coagulation or clipping in addition to endovascular obliteration are both effective surgical treatments for these rare lesions. 
Conclusion
Pial AVFs are rare vascular abnormalities that are distinct from arteriovenous malformations and dural AVFs. This case is unique in its presentation and spontaneous resolution confirmed by selective cerebral angiography. Pial AVFs can be effectively treated with both open surgical disconnection of the arterial feeder and endovascular obliteration. 
